• Problem: Most evidence of early Earth history has been removed by weathering, erosion and tectonic processes. The further back in time we look, the less evidence of Earth History we find.
• Consequence: Geologist know details of 'recent' Earth history (~ 550 my), but relatively little about 'ancient' Earth history (4.6 by -550 my)
Characters in the Story
• James Usher (1581 -1656) -Anglican Bishop who in the mid-1600's proposed that Earth was formed in year 4004 BC. Based his idea upon study of the Old Testament. His theory assumes that Earth's surface has been shaped by a series of great catastrophies, as described in the Old Testament.
• Nicholas Steno (1638-1686) -Catholic priest was the first person to systematically study Earth history using the fossilized remains of living organisms. His research resulted in the basic geologic principles upon which studies of Earth's history are based.
• James Hutton (1726 -1797) -Scottish physician and farmer, in the late 1700's proposed the Principle of Uniformitarianism
Geologic change occurs over a long period of time by a sequence of almost imperceptible events. Geologic forces shaping the Earth today are the same forces that have shaped Earth over it's entire history, and those forces have been operating at the same rates over the Earth's entire history.
• Catastrophists -believed the teachings of Usher and supported his argument
• Uniformitarianists -believed the teachings of Steno and Hutton and supported their argument
• Significance of the debate: Initiated a (controversial?) scientific investigation of the age and history of the Earth, which continues today.
Geologic Age Dating Techniques
• Relative Dating: -Determination of the order in which geologic events occurred without reference to absolute time.
• Absolute Dating (Radiometric Dating) -Determination of the number of years passed since occurrence of a geologic event. Using basic principles and techniques of relative dating, geologists were able to work out a fairly detailed history of the Earth.
However, the history was worked out without reference to absolute time. In other words, geologists did not know how many years passed between the geologic events they observed in the rock record. There was also no knowledge of the exact age of the Earth.
The solutions to these problems were achieved through the discovery that ratios of isotopes in geologic materials can be used to determine their exact age.
Absolute (Radiometric) Dating
• Calculation of the age of a rock/mineral based upon ratios of certain chemical isotopes.
• Since the exact number of parent atoms in a sample at time of formation cannot be known, the parent to daughter ratio must be measured in order to calculate the age of the sample. Radioactive Decay Mechanisms
Age Equation

AGE = HALF LIFE X HALF LIVES PASSED
Half Life -constant (determined in laboratory) Half Lives Passed -determined from P:D in sample -----------------------------------------------------------------------
• Beta Emission -A neutron expels an electron (beta particle), changing the neutron to a proton (atomic number increases by 1; mass number does not change)
Radioactive Decay Mechanisms
• Alpha Emission -nucleus expels two protons and two neutrons (alpha particle) (atomic number decreases by two; mass number decreases by four) Important Assumptions 1. No daughter isotope atoms were 'trapped' in the sample at time of formation (frequently violated)
Mathematical correction must be made to parent:daughter, otherwise calculated age will be incorrect 2. No parent or daughter isotopes have been 'lost' from the sample since time of formation (sometimes violated)
May occur to heating during metamorphism, in which case the calculated age will represent time passed since metamorphism Important Assumptions 3. The decay rate of the parent to daughter isotope (the half life) is constant (never violated)
4. The parent-daughter isotope pair measured in the sample has an appropriate half life for the age of the sample (never violated assuming geologists have common sense) very old samples -use long half life isotopes very young samples -use short half life isotopes Geologic Time Scale
• History of the Earth was divided into blocks of time, based upon major evolutionary and extinction events observed in the rock record.
-Accomplished prior to development of radiometric dating techniques, so original time scale had no reference to absolute time.
• Resut: blocks of time are unequal in length -Little information could be gained from rocks that did not contain fossilized remains of plants and animals, or from rocks that could not be correlated to those containing fossilized remains.
• Important Time Boundaries 
